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THEORETICAL ANALYSES TO DETERMINE 
UNBALANCED TRAILING-EDGE CONTROLS HAVING MINIMUM HINGE 
MCMENTS DUE TO DEFLECTION AT SUPERSONIC SPEE]^^ 

By Kennith L. Goin 

SUMMARY 


Analyses "based on theoretical results of NACA Report lO^I-l have heen 
made to determine the plan forms of imbalanced trailing-edge flap-type 
controls having TninlTmmi hinge monents due to deflection and req.uiring 
minimum work to overcome the hinge moments due to deflection at super- 
sonic speeds. Ratios of 3J.ft and rolling moment to hinge moment and 
ratios of lift and rolling moment to deflection work at fixed values of 
lift and rolling effectiveness were used as "bases for the analyses. 

Resiilts of the analyses for longitudinal controls show hi^-aspect- 
ratio untapered controls to possess maximum ratios of lift L to hinge 
moment H. When low-aspect -ratio controls must he used, however, controls 
with triangular plan forms and highly swept hinge lines are shown to have 
higher values of l/H than untapered controls . Ratios of lift to deflec- 
tion work for untapered controls are in most cases shown to he hi^er 
than those for controls with tapered plan forms. 

On wings with sweptforward and unswept trailing edges, inversely 
tapered controls with triangular plan forms of moderate or low aspect 
ratio are shown to have maximum ratios of rolling moment L' to hinge 
moment H. On wings with swepthack trailing edges, maximum values of 
L'/H are shown for either untapered or normally tapered controls. For 
any given control shape, the analysis Illustrates the importance of using 
small controls with hl^ deflections to obtain large valvies of L'/H. 

Maximum ratios of rolling moment to deflection work on wings with 
sweptforward trailing edges are in most cases obtained with inversely 
tapered controls with triangular plan forms. On wings with unswept and 
swepthack trailing edges, the deflection work required is near minimum 
for untapered controls with spans of about two-thirds the wing semispan. 
Results indicate that large controls will in most cases have higher 
ratios of rolling moment to deflection work than smaller controls. 

^Supersedes recently declassified NACA RM L 5 IFI 9 , 1952. 
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INTRODIKTION 


The control forces on aircraft operating at supersonic speeds are 
so high that very substantial power-boost systems are usually required 
to handle the hinge moments. As an approach to a solution of the prob- 
lem of reducing the size and work requirements of boost systems for such 
aircraft, theoretical analyses have been made of the hinge moments due 
to deflection of unbalanced trailing-edge flap-type controls with plan 
forms varying throughout the range in which the control leading and 
trailing edges are supersonic and the control tips are streamwise. Aero- 
elastic effects are not included and the analyses, which are based on 
equations and charts from reference 1, are subject to the limitations of 
linearized theory. 

When the analyses were made, values of lift and rolling -moment coef- 
ficients and parameters indicative of ratios of lift and rolling moment 
to hinge moment and were calculated for a range of control 

plan forms on wings having various trailing-edge sweep angles. (Trailing- 
edge sweep angle was the only wlng-plan-fom parameter which had to be 
specified because the loading .over the portion of a wing ahead of a con- 
trol is not Influenced by control deflection at supersonic speeds . ) From 
these calculations, families of controls having fixed amounts of effec- 
tiveness were determined, and the corresponding parameters F^ and F^ 

were plotted as functions of the various control plan-form parameters. 

From the resulting charts, the plan forms of controls producing fixed 
amounts of lift eind rolling moment with minimum hinge moments due to 
deflection were determined. Similar analyses were also made to determine 
the plan forms of controls requiring minimum amounts of work to overcome 
the hinge moments due to deflection. (The analyses for deflection work 
are similar to analyses carried out by Jones and Cohen for the incom- 
pressible case and presented in ref. 2.) The hlnge-monent analyses are 
applicable in cases where the strength of the actuating mechanism or the 
amount of torque available at the control is the design criteria. The 
work analyses are applicable when the design criteria are the energy which 
miist be carried for operating the boost system or the energy which the 
pilot must exert in event of boost failure. 

Hinge moments d\ae to angle of attack, damping in pitch, and rolling 
depend on the wing plan form and to varying degrees on the complete air- 
craft conflgviration and have not been included in the present analyses 
because the calculations Involved would have been exorbitant. The fol- 
lowing comments regarding these neglected hinge moments should therefore 
be kept in mind when the results of the analyses are applied; Hinge 
moments due to angle of attack and damping in pitch are of primary impor- 
tance with regard to longitudinal controls becavise hinge moments of such 
controls are equal to the algebraic summation of these hinge moments and 



NACA TN 


5 


the hinge moments due to deflection. Conseq^uently, complete analyses for 
longitudinal controls would require, in addition to the analyses of the 
present paper, similar analyses in which hinge moments due to angle of 
attack and. damping in pitch are considered. With regard to the combined 
hinge moments of differentially deflected lateral controls, hinge moments 
due to angle of attack and damp i ng in pitch are of no significance because 
the effects on opposite ailerons cancel. It is possible, however, that, 
in some cases, the hinge moments of the Individual ailerons are of more 
Importance than their combined hinge nroments, for Instance, when the ail- 
erons are not interconnected but are actuated independently. In such 
cases, hinge moments diie to angle of attack and damping in pitch would 
have to be considered. Hinge moments due to rolling are of primary impor- 
tance with regard to lateral controls because in most cases they tend to 
reduce the hinge moments due to deflection of ailerons on both wing panels. 
It is estimated that, for the imbalanced trailing -edge flap-type controls 
considered in the present paper, hinge lomrents due to rolling in the most 
critical cases are not likely to reduce hinge moments due to deflection 
by more than I 5 or 20 percent. Hinge moments of this order are certainly 
of importance with regard to the actuation of controls but are probably 
of minor importance with regard to the selection of low -hinge -moment con- 
trols. The hinge moments of longitudinal controls due to rolling are 
probably of less significance because the controls are usually located 
considerably nearer the axis of symmetry than lateral controls and, con- 
sequently, in regions where the Induced angles of attack due to rolling 
are smaller . 


SIMBOIS 


M free -stream Mach number 

3 = - 1 

q free-stream dynamic pressure 

A angle of sweep of wing leading edge, positive when 

swept back, deg 

Attt. angle of sweep of control hinge line, positive when 

swept back, deg 


Ate 


angle of sweep of wing trailing edge, positive when 
swept back, deg 


angle of control-surface deflection measured in 
strearawise direction, deg 
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maximum value of 6 

n - 

b wing span, ft 

A wing aspect ratio 

7 \ wing taper ratio 

S wing area 

distance from wing root chord to inboard parting line 
of control 


°t 

'^r 

V 

Af 

Ma 

L 

L' 

H 

2 (p) 

W 


control span 

tip chord of control 

root chord of control 

control-surface taper ratio, c^t/Cj. 

area of control surface 

aspect ratio of control surface, 

area moment of control surface about hinge axis 

lift induced by control deflection 

moment about wing root chord induced by control deflection 
hinge moment due to control deflection 
hinge mcxnent due to rolling 

work required to overcome hinge moments due to control 
deflection (deflection work) 



* 

V 




V 
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p cos 



£ LI 
57.5 2 V 



Ch 


H 

2Ma<i 


p rolling rate, radians/sec 

V velocity, ft/sec 



wing -tip helix angle, radians 




Subscript: 

6 partial derivative of force and. moment coefficients 

with respect to 6 


ANALYSIS 

General 


The regions in which loading is influenced, by the deflection of 
trailing-edge controls at supersonic speeds are limited to the siirfaces 
of the deflected controls and to portions of the wings adjacent to the 
controls and lying within the Mach cones from the control tips (fig. 1). 
Within the scope of the present paper, .the loadings induced by deflected 
controls are unaffected by wing plan form? therefore, the trailing-edge 
sweep angle, which defines the regions of Induced loading on the wing, 
is the only wing parameter necessary for determining the characteristics 
of trailing-edge controls. It was convenient to choose various values 
tan Anm 

of and, for each of these values, to vaiy systematically the 

control plan form and location. The analyses, with fixed Mach numbers 
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assianed, then correspond to examinations of the effects of control plan 
form and location on the characteristics of control surfaces on wings 
having vario\is trailing -edge sweep angles. 

All calculations were made for controls located on left wing panels 
so that positive (downward) control deflections would result in positive 
rolling moments as well as positive lift. Since positive control deflec- 
tions in all cases result in negative hinge moments, the ratios of lift 
and rolling moment to hinge moment sure negative, and the functions of 
these ratios, and Fj, presented in the charts, ane also negative. 

These ratios and functions are discussed throughout the report in terms 
of absolute magnitude ; that is, the most negative values are referred to 
as maxim'um. 


The parameters used as bases for comparison in the analyses for 
determining maximum ratios of lift and rolling moment to hinge moment were 

~ “ 3 ^ ApY, terms 

were included in the parameters F^ and Fj in order to avoid consi- 
dering Mach number as an Independent variable in the calculations. When 
these parameters ajre \jsed, Mach number enters the calciilations only as 

tan Attt tan ArTTp , 

part of the plan-form parameters and pA^ (for 

3 3 

untapered plan forms); consequently, for any given control plan form, 

variations in Mach nxmber correspond to variations in 

and/or pA^. A linear dimension was needed to make the parameter F^ 
nondimens ional and the term b was Included for this purpose. 


When the parameters Fj^ and F^ are \ised as bases for comparison 

in determining the plan forms and locations of controls having TtiaYimum 
ratios of lift and rolling moment to hinge moment, the effects of the 
term cos Ag^ in ™nst be considered. Because of the 

cos Ajjl term, values of F^, for Instance, for one valioe of may 

possibly be higher than values for some higher absolute valiie of Ag^; 
whereas the value of L/H for the lower value of Ag^ is less. This 
fact can be illustrated as follows: 





(1) 
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where the subscript 1 refers to conditions corresponding to some arbi- 
trary value of Attt. and the subscript 2 refers to some other arbitrary 

value of AgL* In order to make proper comparisons of various control 

plan forms, a fixed Mach manber and a fixed wing plan form must be assumed. 
In such cases, values of 3 and b are constant and equation (l) 
reduces to 



cos 


cos 




Wi 


(la) 


Although may be less than depending on the ratios of the 

functions and. the cos Affr. terms, may possibly be greater than 

Inasmuch as the hinge -line sweep parameter used in defining con- 

tan A^ 

trol plan form in the present paper is a Sk, it is convenient to 


rewrite eqtiation (la) in terms of a: 


3 


/it 

\H/2 \H/i Flj^ ^ 


(lb) 


The parameters F^ and F^ are also convenient for use in the 

analyses of controls on the basis of minimum deflection work. This can 
be shown as follows; 


Pi 

W = J F ds 


( 2 ) 


where the subscript 1 denotes TnavlTminn displacement and 

2Mg^q6Cjj 

F force on control, S = — 2, 

X X 


deflection of point on control at which center of loading 

, j x5 

lies, 


57.3 cos AgL 
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X distance from hinge axis to center of loading on control 

measured normal to hinge axis 

Rewriting equation (2) yields 


2M qC 


W = 


a^ hs 


>61 


57.5 cos Ahl Jo 


S dB 


(2a) 


Integrating and reducing equation (2a) yields 


W = 




57-5 2 cos Ahl 


(2b) 


Rearranging the terms of eqiiation (2b) gives 


Hi = 


2 cos A 


'HL 


6 ^ 


W 


57.5 


(5) 


When the value of hinge mcmient from equation ( 3 ) is substituted into 

the equations = 3 b cos = P param- 

B-i Rh T 

eters Ft and F 7 in terms of deflection work become Ft = — =- — — 
LI L 2 W 

and F? = ^ . From these definitions it can be seen that, in cases 

57.3 2 W 

where comparisons are made of controls at equal deflections, maximum 
values of F^ an<i Fj correspond to maximum values of L/W and L'/W, 

P and b being ansxmed fixed. When comparisons are made of controls 
at different deflections, however, this condition is not necessarily 
true and the effects of the B]_ term in F^ and Fj have to be taken 

into account . 


Longitudinal Controls 

In the analyses for longitudinal controls, controls located at the 
inboard, midspan, and tip positions on the wings were included. Figure 2 
illiistrates these positions together with the limiting Mach line locations 
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for each position. As shown in figure 2 for tip controls considered in 
the present paper, the Mach lines from the control root chords did not 
cross either the wing root chords or the wing tips. For midspan controls, 
the Mach lines from the controls did not cross the wing root chords or 
the wing tips, and the Mach lines from the control root chords did not 
cross the cont3X)l tips. For inboard controls, the Mach lines from the 
control tips did not cross either the wing root or wing tip chords, and 
the Mach lines from the control root chords did not cross the control 
tips. The present paper includes results for controls having root chords 
coincident with the wing root chords, whereas the data presented in ref- 
erence 1 are H.mited to controls for which the innermost Mach lines do 
not cross the wing root chords. In order to obtain the characteristics 
of controls located adjacent to the wing root chords, reflection planes, 
which would be expected to approximate the effects of fuselages in prac- 
tice, were assumed to be located at the wing root chords} loading param- 
eters for the inboard conic'al' flow regions of these controls were obtained 
from figure 7 of reference 1. 


In the analyses, a range of control shape and size capable of pro- 

Cl 

ducing a fixed lift-coefficient slope of — ^ = 0.0001 was determined 

A 

for each control position. Values of the parameter F^ were calculated 

for these controls and are presented in figure 3 a-s functions of the 
varlo-us control plan-form parameters. The sketches at the right of the 
charts ill^lstrate the hinge -line and trailing-edge sweep angles corre- 
sponding to the various curves, in the accompanying charts when ^ is 
eq.ual to 1.0 (M = \J2) and are intended only as an aid in orienting the 
reader . 


Although the value of the lift -coefficient slope used in the calcula- 


tions for the charts of figtire 3 


= 0 . 0001 ) is ciuite arbitrary, these 


charts have a wide range of application becaiise, for a given control shape 
and wing, the value of is directly proportional to the sq.uare of 


the control span and the value of l/H Is inversely proportional to the 
control span. 5y use of such proportions, the following eq^uatlons for 
extending the data of flgiire 3 to include other values of lift-coefficient 
slope are simply derived: 
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The subscript 0 refers to conditions when 


= 0.0001 and the sub- 
A 

script 1 refers to similar conditions for other arbitrary values 
Of 


From equations (5) and ( 5 ), the equation for the ratio of lift to 
deflection work at valxoes of other than 0.0001 becomes 




Wo 

WkiJSN'i 


(6) 


■r 






Lateral Controls 

Limitations of analyses .- In order to obtain some Indication of the 
limitations of the analyses for lateral controls resulting from the 
neglect of hinge moments due to rolling motions, sample calciolations have 
been made for the steady-roll condition in which the wing 'damping moment 
is equal in magnitude to the rolling moment induced by aileron deflection. 

Figure h presents theoretical ratios of hinge moment due to rolling 
to hinge moment due to aileron deflection, calculated by use of equations 
from references 5 and 4, for 6o° delta wings with aileron controls com- 
prising various amoimts of the wing tips. These configurations were chosen 
because the theoretical \mit damping forces on such ailerons are unusually 
high (especially when the control spans are relatively small and the wing 
leading edges are subsonic), and hinge moments of such ailerons due to 
damping therefore approach maximum values. For the configurations to be 
applicable in the present analysis (for unbalanced tralllng-edge flap-type 
controls), it was necessary to assimie the ailerons to be hinged about 
their leading edges, which coincide with the wing leading edges. Although 
these particular configiirations are not of practical Interest, they prob- 
ably give a reasonable indication of the maximum hinge moments due to 
rolling moment which might be obtained. 

The data of figure 4 indicate that hinge moments due to rolling are 
sizable and at first increase rapidly with control size. The rate of 
increase diminishes as the control size is increased, however, and the 
data appear to indicate that, for extremely large controls, the ratio of 
hinge moment due to rolling to hinge moment due to aileron deflection 
approaches a value equal to or slightly greater than 0.5* For controls 


0 
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comprising 10 to 15 percent of the wing axes, which might he considered 
to he near the upper limit of the practical range for this type of con- 
trol, it is shown that hinge momenta due to rolling cancel out about 
one -third the hinge moment due to deflection. Inasmuch as the data of 
figure 4 axe for the steady-roll condition, this value of one -third is 
prohahly a great deal higher than that which could he expected in prac- 
tice. Because of aircraft inertia, the rate of roll at the time the 
control reaches maodmum deflection is considerably less than the steady- 
roll rate. On the basis of time histories presented in reference 5^ a 
rate of one -half the steady-roll rate would seem to he more nearly of 
the right order, in which case the hinge moment due to rolling would 
balance out only about one -sixth the hinge moment due to deflection. It 
would thios appear that the analysis would not be seriously limited 
because the hinge moments due to rolling were neglected. Although can- 
parisons of ratios of rolling moment to hinge moment due only to deflec- 
tion might in some cases result in erroneous conclusions regarding the 
more desirable control, this happens only when the ratios L'/H for the 
controls being compared axe nearly equal. It should be remembered that 
the present analysis considers only unbalanced trailing-edge flap-type 
controls and that all -movable or balanced flap-type controls would require 
an entirely different analysis . 

Method of analysis .- In the analyses for lateral controls it was 
not possible to treat control size and control location in the general 
manner used for longitudinal controls; consequently, the analyses axe 
considerably more detailed than were those for longitudinal controls. 

It would seem probable that controls located at the wing tips would 
in all cases have higher ratios of rolling moment to hinge moment and 
rolling moment to deflection work because of their greater distance from 
the roll axis. Lift and hinge moiient vary with location, however, and 
it is therefore necessary to determine whether this is true. In order 
to do this, the effects of spanwise location on the values of have 

been calc^xlated for a systematic range of control plan forms, and results 
of these calculations are presented in figure 5 where F^ is plotted 

against 2y^yb. The range of plan form considered is indicated by the 

sketches at the right of the charts in figure 5 where the hinge -line and 
trailing-edge sweep angles axe shown for p = 1.0 (M = . The most 

inboard control locations for which resxilts are presented in figure 5 
are such that the innermost Mach lims from the controls pass through 
the points of intersection of the wing root chords and wing trailing 
edges. The most outboard locations axe such that the tip chords of the 
controls and wings are coincident, as shown in figure 2 for longitudinal 
controls. An examination of figure 5 reveals that in most cases controls 
located at the wing tips have higher (more negative) values of F^ thsui 

do the same controls when located farther inboard. In the few cases for 
which this is not true (on wings having sweptback trailing edges, 
figs. 5(d) and 5(e)), the advantages of slightly inboard locations are 
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not large; thus, it would be sufficient in the present analysis to con- 
sider only controls located at the wing tips. It must be cautioned, 
however, that tip controls on wings with sweptback trailing edges will 
in some cases have considerably less effectiveness than controls located 
farther inboard, particularly in the transonic speed range (refs. 6 
and 7). It sho\ild also be pointed out that, for some wing configurations, 
aeroelastic and viscous effects, which have not been considered in this 
analysis, might outweigh the advantages of tip location for the controls. 


Figiire 6 presents the results of calciilations made to determine the 
values of Cjg^A and Fj for a range of control plan forms located at 

tan Aqip 

the tips of wings having various ratios of ‘ ^ oata 

presented in figure 6, it was possible to prepare the charts in figure 7 
to show the variation of the parameter Fj with plan-form parameters for 

controls which produce various fixed amoiants of rolling moment. Values 


of 



of 0.0002, 0.0004, and O-OOO 6 were chosen as representative. 


As in figures and 6, the sketches at the right of the charts illus- 

trate the hinge -line and trailing -edge sweep angles in the accompanying 
charts when p is equal to 1.0 (M = i/2). It shoxild be pointed out that, 
although tip chord was used to define control plan form in figures 5 
and 6 for reasons of convenience in the necessary computations, aspect 
ratio has been used in the analysis charts of figure 7 because of its 
greater significance. 


1 


0 


RESULTS AHD DISCUSSION 


The dlscvissions of the analysis charts for longitvidinal and lateral 
controls (figs. 5 7) are each divided into two parts. The first part 

of the disciassion for longitudinal controls deals with controls having 
maximum ratios of lift to hinge moment, and^the second part deals with 
controls having maximum ratios of lift to deflection work. The division 
for lateral controls is similar. The results of the analysis are summa- 
rized in table I. 


Ratios of Lift to Hinge Moment 

General . - It will be noticed that little data are presented in fig- 
ure 3 for low-aspect-ratio inboard controls and for low-aspect-ratio 
midspan and tip controls on wings having sweptback trailing edges . This 
lack of data results from the limiting Mach line locations which are 
shown in figure 2 and have been previously discussed. 
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Effects of spanvlse location .- From a conrparlson of the cxirves in 
the charts for the inboard position with, those for the mldspan position, 
it can be seen that in no case does an inboard control have a greater 
value of Fl than does a mldspan control having the same plan form. 

This result might be ejqiected since Inboard controls have been assimed 
to ’be located adjacent to reflection planes, and any portion of the 
loading normally carried by the adjacent wing which is reflected back 
onto the control would increase the hinge moment and probably result in 
lower values of l/H. It should be pointed out, however, that for high- 
aspect-ratio untapered cont2X>ls and for Inversely tapered controls having 
small root chords, the adverse effects of the reflection planes are not 
large . 

In the charts for the mldspan and tip-control positions (fig. 3 )^ 
it will be noticed that, if valiies of less than 1.0 (which seem 

impractlcally small) are neglected, the ^maximum value of F^ shown on 
each curve occurs at the TnH.YiTmTm value of PAf . From a comparison of 

the curves for the mldspan and tip positions, it can be seen that values 
of F^ at the ttip.-x: 1 Tnum values of PA^, on corresponding curves, are in 

all cases for the mldspan position equal to or higher than those for 
the tip position. 

One other general group of controls which should be discussed is 
full-span controls . The loading of a full-span control having any 
particular shape would be obtained by assuming a reflection plane to be 
located adjacent to the root chord of a tip control having the same plan 
form and making a corresponding correction to the loading of the tip 
control. Since ccaaparisons of inboard and mldspan control positions 
have indicated that reflection planes, if having any effect, decrease 
the values of L/H, full-span controls would be expected to have values 
of l/H eq.ual to or less than those for tip controls. 

It thus appears that values of L/H for midspan controls will 
always be equal to or higher than those for similar controls at other 
locations . Consequently, the analysis for determining the pi an forms 
of controls having maximum values of l/H will be limited to the con- 
sideration of controls located at midspan, positions. 

Untapered controls . - The charts for mldspan controls show maximimi 
values of Fl lii most cases for imtapered controls having values of 
PA^ equal to 8.0 (the upper limit of the calculations). The curves 

for untapered controls, if extended to higher aspect ratios, would be 
e^qjected to show still higher values of Fj^ because the lift has been 

fixed, and higher aspect-ratio controls would necessarily have smaller 
chords and, consequently, smaller moment arms and hinge moments. It 
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therefore appears that mEixinium values of l/H are obtained by use of 
very high-aspect -ratio untapered controls. In practice, however, it is 
not in most cases possible to obtdln sufficient lift by use of extremely 
high-aspect-ratio controls . When the lift req.ulrements are sufficiently 
high to require the use of moderate- and low -aspect-ratio controls, the 
data in figure 5 show that untapered controls will probably not have 
maximum values of l/H. “ 

Tapered controls .- In the charts of, figvire 5^ "the maximum aspect 
ratios shown for tapered controls, represented by points farthest to 
the ri^t, are the maximum aspect ratios possible for the particular 
combination of hinge -line and trailing -edge sweep and, conseq.uently, 
represent triangular control plan forms. The only exceptions are the 
curves for a = O.8O in figure 3(e), where the aspect ratio corre- 
sponding to triangular controls is beyond the range of the calculation. 


It should be pointed out, as previously mentioned, that in compaxlng 
controls having various hinge-line sweep angles to determine which sweep 
angle gives the maximum values of L/H, comparisons must be made on the 


basis of 


cos Ai 


'EL 


rather than simply as plotted in figure 3* When 


"tSil ^.'CTT 

i, that is, is eqml to zero, cos Aht. is equal to l-.O and 

*[?- 

is equal to With increases in the absolute value of a, 

Fl 


cos Ajjl 

however, cos Ag^ decreases and 


increases . Consequently, 


cos AgL 

con^jarisons on the basis of L/H must be made by shifting the curves 
for finite values of a downward, the amomt to depend on the value 

of a and Mach number since cos Afjj, = 


\Jl + p^a^ 


The charts for the midspan control positions in figures 3(a) and 
3(b) show that tapered controls having maximum values of L/H, for 
use on wings with sweptforward trailing edges, have inversely tapered 
triangular plan forms with highly sweptforward hinge lines (a = -0.95)* 
The data for the sweptforward trailing -edge case (fig. 3(1^)) can be 
used to illustrate the effect of the c6s A-ht. term in the parameter F^* 

The value of is greater for the untapered control (a = -0.40) having 

3Af = 8.0 than for the Inversely tapered control having a = -0.95 
3Af = 3-6. Use of equation 1(b) indicates, however, that at Mach numbers 
greater than 1.29 "the effect of the cos Agy, terms is such that the 
inversely tapered control has the higher value of L/H. 
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Figure 5(c) shows that, for wings having unswept trailing edges, 
the plan forms of tapered controls having inax^.mm values of l/E are 
triangular in shape and have highly swept hinge lines . This figure shows 
identical values of l/H for normally and inversely tapered controls. 

For wings having swepthack trailing edges, maximum values of L/H 
are shown for controls with triangular plan forms of normal taper. It 
will he interesting to note that ratios of L/H for the more desirable 
tapered and untapered controls located at the midspan position are not 
a great deal larger than ratios of l/H for controls having the same 
plan forms hut located at the tip or inboard positions. 


Without knowledge of the wing geometry, the maximum control span 
which may he used, the Mach number, and the required val\ie of it 

is not possible to specify when tapered controls have higher values of 
L/H than untapered controls. When these parameters are known, however, 
it is simple, by use of the charts in figure to detennine whether 
untapered or tapered controls provide greater values of l/H. With the 
^sertiqn in equation (4) of the maximuTn control span which may be used 


^sertiqr 

(2bf/b)i 


and the reqtalred value of 


Ml 


a value of 


(2bf/b), 


corresponding to the lift-coefficient slope I — — ~ 0.0CX)1) is obtained. 

/ V / 

The value of L/H, indicated by the appropriate chart of figure 5 for an 
untapered control having this valuie of 2bf/b, can then be cooipared with 

values of l/H for tapered controls having this span or smaller spans 
and smaller aspect ratios. 


Eatios of Lift to Deflection Work 

Effects of spanwlse location .- In determining control locations for 
which ratios of lift to deflection work are maximum, the procedure is 
the same as in the case where hinge moment is the criterion. This is 
true because comparisons are made between controls of constant shape and 
constant Ci^Jk, in which cases maximum values of Fl correspond to 

maximum values of both L/h and L/W. The concliisions regarding control 
locations for maudmum values of l/W would therefore be the same as those 
regarding control locations for maximum values of L/H; that is, values 
of L/W for controls located in midspan positions are always equal to or 
higher than values for similar controls at other locations. 

Effects of control plan form .- In determining control plan forms for 
maximum ratios of lift to deflection work, the use of the charts in fig- 
iire 3 is considerably more simple than was the case in the analysis 
with hinge moment because congjarisons are made on the basis of Fj^ rather 

than — . 

cos 
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All the charts for the mldspan control position In figure 3 show 
maximum values of and therefore Tna.ylmim ratios of lift to deflec- 

tion work, for untapered controls with values of ^Af =8.0. Since 
values of l/W would increase with increasing values of PAf, as dis- 
cussed in the section dealing with hinge moment, it is concluded that 
untapered controls of maxlmimi aspect ratio have maximum values of lA^. 
(This concliision is similar to a result obtained in the analysis for the 
incompressible case of reference 2 which states that flaps should be of 
almost constant chord and shoiild be as long and narrow as compatible 
with structural and other design considerations.) It must be remembered, 
however, that values of pA^ above 8.0 would correspond to impractlcally 

high aspect ratios at relatively low supersonic Mach numbers. 

It might be well to note that the advantages of untapered controls 
over tapered controls decrease as the wing tralllng-edge sweep (either 
forward or back) is increased. The effects of control locations also are 
relatively small for the hlgh-aspect-ratio untapered controls. 

Effects of control size . - The effect of control size on the value 
of l/W can be readily determined from equation (6). For a given amount 
of required lift and a given control shape, control lift-coefficient 
slopes are inversely proportional to control deflection, and equation (6) 
can be rewritten: 



1 



(6a) 


It can be seen from equation (6a) that the ratio of lift to deflection 
work for controls of similar shape is proportional to the square root of 
lift -coefficient slope and also to the square root of control area since 
is directly proportional to control area. 


Eatios of Rolling Moment to Hinge Moment 

Effect of control size .- From a conrparlson of the charts for the 
three values of Cj^/A, the ratios of rolling moment to hinge moment are 



with decreasing control size. This result is logical because the ratio 
of rolling' moment to hinge moment is essentially a ratio of moment arms, 
and. the ratio of moment arms increases as the size of a control of given 
shape ^creases. This resiolt is significant becaiose it indicates that 
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control hinge moments can be appreciably reduced by using smaller con- 
trols and larger deflections . 


Untapered controls.- The curves for untapered controls in figure 7 


show that the rate of increase in 


with control aspect ratio increases 


very rapidly as the value of decreases; thus, high-aspect -ratio 

untapered controls compare favorably with the tapered controls at 

C. 


'^6 


= 0.0CX)2. This trend appears to indicate that untapered controls will 


have higher ratios of rolling moment to hinge moment than tapered controls 
when the rolling req^uirements are s\officiently low Rvalues of 

somewhat less than 0.0002^. 


The aspect ratios at which maximum values of L'/h occur for 

C7 

untapered controls with = 0.0002 are beyond the range of the calcu- 

A 

C? 

lations. For —j— = 0.0004 and O.OOO 6 , however, untapered controls 

having maximum values of L' /E axe shown to have spans roughly between 
60 and 80 percent of the semispan of wings having unswept and sweptback 
trailing edges, regardless of the value of pAf . Controls having spans 
between 60 and 80 percent of the wing semispan are also shown to have 
maximiffli values of L'/S wings having sweptforward trailing edges when 
values of pA^ less than 4 axe neglected. It thus appears that span is 

the Important parameter for defining the plan forms of untapered controls 
having maximum values of L'/H, except possibly for wings having swept- 
f orward trailing edges . 


The Indication that span is the Important parameter can be somewhat 
substantiated by means of plane geometry if it is assumed that the con- 
trols axe uniformly loaded and that no loads are carried on the wing 
(thus, it is possible to work with simple area moments). For any arbi- 
trary rolling moment, the ratio of rolling moment to hinge moment for a 
control located at the wing tip can be shown to increase with control 
span until it reaches a maximum valije when the control span is two-thirds 
of the wing semispan. It seems logical that this type of analysis would 
be applicable except for low-aspect-ratio controls or low Mach numbers; 
for these cases, the conical -flow regions are very large and cannot be 
neglected. 

Tapered controls and sweptf orward trailing edges . - Figures 7 ( 0 ') 
and 7 (t») show that, on wings having sweptforward trailing edges, inversely 
tapered controls having triangular plan forms and highly sweptforward 



18 


MCA TN 3471 


hinge lines (a = -0.95) practically all cases, provide maximum values 
of L’/H. 


for 


Tapered controls and unsvept trailing edges .- The data in the chart 

Cl. 

—— = 0.0002 in figure j(c) show considerably greater values of Fj 


for high-eispeclj-ratlo untapered controls than for the tapered controls 
(h = ±0.6). At Mach numibers greater than 1.91^ however, the normally 
and inversely tapered trisuagular* controls both have higher ratios of 
rolling moment to hinge moment than does the untapered control of 
0.65b/2 span. (See eq. (lb).) On the basis of figure 7(c), triangiilar 
plan forms having absolute valiies of a greater than 0.6 would be 
e3q>ected to have higher values of L'/h than untapered controls of 
0.65b/2 span at Mach numbers considerably less than I.9I. It is there - 


Cl. 

fore concluded that, for — - = 0.0002 and at moderate and high Mach 

A 

numbers, meixlmian valiaes of L'/H eire obtained by use of triangular plan 
forms and highly swept hinge lines . Although normally tapered triangular 
plan forais have somewhat higher values of L'/H than do inversely 
tapered triangular plan forms, it is probable that, because of structural 
considerations of the supporting wings, the inversely tapered controls 
are more practical when the hinge lines are highly swept. The data in 


the 


difference 


'I 


5 


charts for 

A 

in valxies 


= 0.0004 and O.OOO6, although showing very little 
of Fj for controls having hinge lines swept for- 


ward 8ind swept back (a = 0.6 and -0.6, respectively), indicate maximum 
values of L'/H for Inversely tapered controls having triangular plan 
forms and highly sweptforward hinge lines. 


Tapered controls and sweptback trailing edges .- For wings having 
sweptback trailing edges, figures 7(d) and 7(e), in general, show maxi- 
mum values of L'/H for normally tapered controls (a = 0.8). Since the 
effects of normal taper on the area distribution of controls is such that 
reduced values of L'/H would be ordinarily ejected, it seems probable 
that the advantage of normally tapered controls results from their leirger 
regions of conical flow. The importance of such regions can be simnised 


from the charts for 


= 0.0004 and O.OOO6, where optimum values of pAf 

are near the minimum values shown on the curves . (The mi nlTnuTn values shown 
on these curves, as throughout figure 7, are near the values at which the 
Mach cones from the inboard-control parting lines Intersect the control 
tips, corresponding to comparatively large regions of conical flow.) The 


*^1 = 

— a = 0.0002 show that, from minimum to maximum values of 

A * 


chsJTts for 
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pA^, values of L'/3 normally tapered controls first Increase to 

maximum values and then decrease . Because the areas of the conical-flow 
regions decrease consistently with increasing control aspect ratio, there 
is evidently some parameter more important than the areas of the conical- 
flow regions which causes values of L'/H to increase as values of pAf 

are Increased. This parameter is probably control-area distribution 
because it has been shown that, for untapered controls, increased values 
of L'/H can be obtained by increasing the aspect ratios and spans of 
controls having spans of less than about two-thirds the wing semispan. 
Figures 7(<l) and 7(e), therefore, appear to indicate that plan forms of 
tapered controls on wings having sweptback trailing edges, for which maxi- 
mimi valiies of L'/H exist, are dependent on the interrelated parameters, 
control-area distribution and conical -flow area, and cannot be generally 
specified. 


As a matter of practical Interest, differences between the hinge - 
line (a = 0.8) and traillng-edge sweep angles' Corresponding to the Mach 
number range between 1.3 and 2.5 are roijghly between 15 ° and 19 ° in fig- 
voce3 7(<3-) and between 7° and 8 ° in figure 7(®)* These differential angles 
are sizable , and it is probable that , on wings having relatively small ■ 
differences between the leading- and trailing -edge sweep angles, smaller 
differences will be of more practical interest. If somewhat sm^ler dif- 
ferences, corresponding to values of a which are nearer to values of 


tan Amcj 

are considered, figures 7 (d) and 7 (e) indicate that advantages 

of tapered controls over \mtapered controls are, in general, relatively 


small and at values of = 0.0002 are probably nonexistent. 


Ratios of Rolling Moment to Deflection Work 


In using the charts in figure 7 to determine the plan forms of con- 
trols having maximum ratios of rolling moment to deflection work at a 
given value of C 2 . 5 /A, the various curves are compared directly ^on the 

basis of For controls having different values of Ci^A, however, 

maximum values of F^^ do not necessarily correspond to maximum values 

of L'/W (since different control deflections are required to produce 
a fixed rolling moment), and comparisons of such controls mvist therefore 
be made on the basis of values of Fj/Bi rather than Fj. 


Effects of control plan form .- With the exception of figure 7(a) ^ 
all the data for — =. = 0.0002 in figure 7 show maximum values of L' /V 
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for high-aspect-ratlo iintapered controls. In figure j(a), higher values 
of L'/W axe shown for inversely tapered triangular controls with highly 
swept hinge lines. The data for the three values of Cj^y^A appear to 

indicate, however, that hlgh-aspect-ratio untapered control plan forms 
have maxlmimi values of L'/W' at valioes of C^g^'A somewhat less than 

0.0002. It might therefore he concluded that, for sufficiently small 
controls, maximum valiies of L'/W are in all cases obtained by use of 
high-aspect-ratio untapered plan forms. The spans of untapered controls 
for maximum values of L'/W, as discussed for maxi mum values of L'/H, 
woiild probably be of the order of two-thirds the wing semlspan. 

For controls having values of Cj^y/A of 0.0004 and O.OOO 6 , the data 

of figures j(a) and 7(^) wings with sweptforward trailing edges show 
maximum values of L'/W for inversely tapered controls having triangular 
plan forms. For wings having unswept trailing’ edges, the effects of plan 
form on values of L'/w are shown in figure 7(c) to be relatively small. 
Un-bapered controls with spans of about -two-thirds the wing semispan, how- 
ever, are shown to have values of L'/W which are equal to or greater 
than those for other control plan forms. Figures 7(d) and 7(e) show maxl- 
m\jm values of L'/W on wings having sweptback traili^ edges for normally 
tapered controls with valttes of pAf between 5 5* As mentioned in 

the analysis dealing with hinge moments, the differences between hinge - 
line and trailing-edge sweep angles for the normally tapered controls of 
figures 7(d) and 7(e) are for many applications impractically highj 

tan Amc' 

euid, for controls ha-ving values of a near valiies of which are 

probably of more practical interest, the da-ta indicate that values of 
L'/w would be little, if any, higher than those for untapered controls 
with spans of about two -thirds the wing semlspan. 



For purposes of comparison, it is of interest at this point -bo note 
the resul-bs obtained in -bhe analysis of plan form for the incompressible 
case (ref. 2). These resiilts are; The shape of ailerons for minimum 
deflection work is of maximum width near the wing tip and has a slight 
convex curvatiore as it tapers to zero chord at the center of the wing 
(somewhat similar to the sweptforweird trailing-edge case of the present 
aneilysis). Partial -span ailerons should be sections of these shapes 
and should include the regions of maximum chord. The ailerons should 
be as long and narrow as compatible with structural and other design 
considerations . 


Effects of control size .- When the data for the different values of 
C^g^A in figure 7 were used to determine effects of control size on the 

value of L'/w, it was necessary to use a fixed valiae of as a basis 

for comparison becai;ise of the 5 term in F, . A -value of ^ = O.OOO 6 

^ A 
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was arbitrarily chosen for which values of 5j_ = 5, li, and 1 are 
required, respectively, for controls with values of C^g^/A of 0.0002, 


O.OOOij-, and O.OOO6. The comparisons were then made by dividing values 
of Fj from the variovis charts by corresponding values of 6. Results 
of the comparisons for control plan forms previously discussed as having 
higher valvies of L'/W are presented in the following table: 


Figure 

tan 

a 

pAf 

2bf 

^b~ 

P L' 
5 TT 

at ^ 
A 

of - 

P 

0.0002 

0.0004 

0.0006 

7(a) 

-0.60 

-0.95 

5.7 

Varied 

11.5 

13.2 

13.6 

iCb) 

-.40 

-.95 

3.6 

Varied 

8.8 

10.7 

11.3 

7(c) 

0 

0 

Varied 

0.65 

8.0 

8.0 

8.2 

7(d) 

.40 

.40 

Veirled 

.60 

9.1 

8.8 

8.9 

7(e) 

.60 

.60 

Varied 

.65 


10.9 

10.6 


The data in the above table show that, for wings having sweptforward 
trailing edges, there are appreciable increases in values of L'/W with 
increasing size of inversely tapered controls. For wings having unswept 
and sweptback trailing edges, little effect of the size of untapered 
controls on values of L'/W is shown. It would thus appear, especially 
when the relieving effect of hinge momentB due to rolling are considered, 
that larger controls would, in most cases, have somewhat higher ratios of 
rolling moment to deflection work than would smaller controls. 


VARIATIONS WITH MACH NUMBER OF THE CHARACTERISTICS OF 
EXAMPLE LATERAL CONTROL CONFIGURATIONS 
Conditions 


Specifications . - It is very difficult from the analysis charts of 
figure 7 "to visiialize the characteristics of lateral control surfaces on 
aircraft operating over a speed range. In order to illustrate the vari- 
ation with Mach number of the characteristics of some of the control plan 
forms which have been shown to be desirable, some example calculations 
have been made. The specifications iised for the calciilations are as 
follows: Wings having spans of 58 feet are to be equipped with aileron 

controls capable of producing rolling rates of 5-0 radians per second 
while operating at Mach numbers up to 2.25 at altitvides of 40,000 feet. 
Wings are to have tralllng-edge sweep angles of - 20 °, 0 °, and 35° with 




22 


NACA TN 5^71 


other plan-form v^iahles unspecified. Combined deflections of ailerons 
on opposite wing panels are not to exceed 50° • 

Determining values of O^^y^A required.- In figure 8 are presented, 

as a function of Mach nuifiber, wing-tip helix angles pb/ 2 V corresponding 
to the above specified conditions of wing span, rate of roll, and alti- 
tude . In order, to determine the rolling moments required to produce these 
wing-tip helix angles, the wing damping -moment coefficients must be known. 
Figure 9 presents the theoretical, damping -mcsnent coefficients for a broad 
range of wing plan fom and Mach ntmber obtained by use of charts pre- 
sented in references 4 and 8. In order to calculate the required rolling 
moments without fixing the wing plan forms, it is necessary to make the 
siniplifylng assumption that damping -moment coefficients do not change 
with Mach number; figure 10 has been prepared for the pvurpose of exam- 
ining such an assumption and shows that damping coefficients of highly 
swept wings are relatively independent of Mach niunber and that damping 
coefficients of hlgh-aspect-ratlo wings are influenced to a greater 
extent by Mach numbe^r than the damping coefficients of low-aspect-ratio 
wings. Figure 10 shows that the results obtained in the present paper by 
assimiing fixed damping -moment coefficients are directly applicable to 
moderate- and low -aspect -ratio wings having highly swept leading edges. 

Rolling -moment coefficients corresponding to the wing-tip helix 
angle in figiare 8 and to fixed damping -moment coefficients_, which were con- 
sidered to be representative on the basis of figure 9; are presented in 
figure'll. In order" to' determine rolling -moment-coefficient slopes corre- 
sponding to the values of Cj/A presented in figure 11 , it is only nec- 
essary to divide the values of by 50°. In order to provide a more 

practical example, however, some consideration should be given to the 
effects of wing thickness, nonlinearities of control effectiveness with 
control deflection, and wing flexibility, which are known to result in 
actml values of control effectiveness which are considerably less than 
the theoretical values. The illustrative example of reference 1 shows 
that, when an approximate thickness correction was applied, the effective- 
ness of a control on a 5 -Percent-thick wing was reduced to about 80 per- 
cent of that predicted by theory. On the basis of this example, and by 
making an arbitrary allowance for nonlinearities, it was assumed that the 
effectiveness of controls on rigid wings would be 60 percent of that 
predicted by theory. A fxurther ass^Jmption, quite arbitrarily made, was 
that the, effectiveness of controls on flexible wings would be 60 percent 
of that for controls, on rigid wings and, consequently, 36 percent of the 
theoretical values. Estimated values of necessary to produce the 

required. -values of. Cj/A (fig. 11) were obtained by use of the preceding 
assumptions and are presented in figure 12. 
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Control pi an forms . - Rolling -moment-coefficient slopes and ratios 
of rolling moment to hinge moment were calculated through a Mach number 
range for several control plan forms on wings having trailing -edge sweep 
angles of -20°, 0°, and 55° an<i having dairying -moment coefficients -C^py/A 

of 0.08 (chosen as a mean value froih fig. 9)- For each configuration, 
calciilations were made for untapered control plan forms having spans of 
approximately 50, 65, and 80 percent of the wing semispan and for tapered 
control plan forms having various hinge -line sweep angles. Cad-ciilations 
of L’/H were also made for representative control plan forms on wings 
having lonswept trailing edges and having damping coefficients -Ci^^k 

of 0.05, 0.08, and 0 .l 4 . Results of the latter calculations were also 
used to illustrate the effects of control plan form and size on ratios 
of rolling moment to deflection work. 


Results of L'/S Computations 

As can be seen by the charts for in figure I5, all the 

control plan forms, for which resiilts are presented, provide rolling 
moments equal to or greater than those which were estimated to be nec- 
essary to meet the required specifications (fig. 12 ). 

Untapered controls . - Maximum values of L’/H for untapered controls 
are shown in figure 15 for controls having spans of about 65 percent of 
the wing semispan except at low Mach numbers on wings having tralling- 
edge sweep angles of - 20 °. In this case, the control having a span of 
50 percent of the wing semispan provides slightly higher values of L'/H. 
These results illustrate the previously discussed conclusion that 
untapered-control plan forms for maximum values of L'/H have spans of 
about two-thirds the wing semispan except in cases of low control aspect 
ratios or low Mach nximbers . It might be well to point out that the 
advantage of the O.65 semispan flaps over the O.5O and 0.80 semispan 
flaps Is small. If compared with flaps having spans of less than one- 
half the semispan or greater than four-fifths the semispan, however, 
the advantage of the O.65 semispan flaps would be expected to be 
greater . 

Figure 15 shows that the valiies of L'/H for untapered controls 
increase as the controls are swept either forward or back. This result 
is probably due to the fact that the center of loading of the control, 
which remains near the same chordwise location regardless of sweep, is 
nearer the hinge line when the control Is swept than when it is unswept. 
The above speculation can be somewhat substantiated because it can be 
shown that, by dividing the values of L'/E shown for the unswept case 
by appropriate cos A^ terms, values of L’/S for the swept controls 
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can "be roughly approxlmted. Thus the values of L'/H for the sweptback 
trailing edge are greater than those for the sveptforward trailing edge^ 
principally because of the greater sweep rather than the direction of 
sweep . 

Tapered controls . - For wings having trailing-edge sweep angles of 
-20° and 0° (fig. 13) ^ consistent increases in the valiies of L'/H with 
Ajjl shown at any given Mach number. At the maximum design Mach num- 

ber of 2.25, inversely tapered controls having hinge lines swept forward 
60° provide values of L'/H roughly 50 percent. greater than those shown 

2b^ , 

for untapered controls with — =- = 0.65. At lower Mach numbers j a still 

b 

greater advantage is shown for the inversely tapered controls. Simply 
stated, this means that the inversely tapered controls require, at most, 
only about two-thirds the hinge moment required by untapered controls to 
produce the reqiiired rolling momfents. 

For wings having sweptback trailing edges, the tapered control plan 
forms were chosen by fixing the hinge-line sweep angles at 40° and 45° 
(believed to be practical values for A^rg = 35°) using figure 7 'fc° 

estimate the more desirable aspect ratios. Results presented in figure I3 
show that ratios of L'/^ for the tapered controls are somewhat greater 
than for untapered controls at the lower Mach numbers but sli^tly less 
at the higher Mach numbers . Figure 13 Indicates that greater values of 
L'/H could probably be obtained at substantially high Mach numbers with 
tapered controls if a considerably greater amount of hinge -line sweep were 
\ised. Aside from being structTorally impractical, it would appear from 
figure 15 that such controls woiild have an extremely high rate of decrease 
in the val\ies of L'/H with Mach number. 

Effect of varying damping coefficients .- Because figure 7 indicates 
that control plan forms for maximum values of L'/H vary somewhat with 
the amount of rolling moment required, rolling moment and ratio of 
rolling moment to hinge moment have been calculated for example con- 
trols on wings having unswept trailing edges and having damping -moment 
coefficients of O.03, O.08, and 0.l4. For each damping -manent 

coefficient, calcvilations were made for untapered controls having spans 
of approximately 65 percent of the wing semlspan and for Inversely 
tapered. triangular controls having hinge lines swept forward 60°. Results 
of these calculations are presented in figure l4. 

In figure l4 data are presented for inversely tapered triangular 
controls at Mach nxjmbers for which the hinge lines are swept behind the 
Mach lines (indicated by dashed lines). These data were obtained by use 
of equations presented in reference 3 ar® oi* particular interest 
because they show that this type of control, which has been shown to have 
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hi^ values of L'/H at the higher Mach numbers, produces satisfactory 
rolling moments and increasing values of L'/H as the Mach number is 
decreased. The ratios of rolling moment to hinge moment increase very 
rapidly as control size (with constant span for untapered controls) is 
decreased (fig. l 4 ). This condition illustrates, as did figure 7 , the 
advantage of using small controls and mavl mum practical deflections. 
Figure l 4 also shows that the advantage of the inversely tapered control 
over the untapered control decreases steadily with decreasing rolling- 
moment requirements viutil, for rolling moments corresponding to 

“Clp 

— — = 0.05, the \mtapered control has a higher value of L'/H at a Mach 


nmber of 2 . 25 - It might be pointed out, however, that the mtapered 
control in this case has the very high, and perhaps somewhat impractical, 
aspect ratio of 16.5. 


Results of L'/W Computations 

In order to illiistrate scane effects of control plan form size 
on the ratios of rolling mcaoent to deflection work, sample calculations 
were made for the controls shown in figure l 4 . It was assumed for the 
calculations that the rolling requirements of the controls were the same 
as in the previoxxs examples ■ and that the wing damping-moment coeffi- 
cient -Cip^A was 0.03. The upper chart in figure I5 presents the 

theoretical rolling-moment requirements for an assmed practical control 
effectiveness which is 3 ^ percent of the theoretical values. (It shoiild 
be mentioned that the deflections necessary to produce the required 
rolling moments vary considerably with Macb number, as well as with con- 
trol size, because of varying values of Cjg/A. J The lower chart in 

figure 15 presents the ratios of rolling moment to deflection work 
required to produce this rolling mcment. 

The data in figure I5 for the vintapered controls Illustrate the 
previously discvissed conclusion regaxding the effect of control size; 
that is , for controls having spans of about two-thirds the wing semispan, 
ratios of rolling moment to deflection work are not appreciably influ- 
enced by control size. In consideration of hinge moments due to rolling, 
however, it is probable that maximum values of L'/tf will in practice 
be obtained by use of the larger controls. 

The data in flg\ire I5 for the inversely tapered controls show sizable 
Increases in valxies of L'/w with control size. Similar results for this 
type of control on wings having sweptf orward trailing edges , as previously 
mentioned, were Indicated by the analysis charts. 
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SIM 4 ARY OF RESULTS 


Theoretical sinalyses have been made to determine the plan forms of 
unbalanced tralllng-edge flap-type controls having minimum hinge moments 
due to deflection and reqiilrlng minimum work to overcome the hinge 
moments dxse to deflection at supersonic speeds. Ratios of lift and 
rolling moment to hinge moment eind ratios of lift and rolling moment to 
deflection work at fixed values of lift and rolling effectiveness were 
used as bases for the analyses. KLnge nKjments due to angle of attack 
and damping In pitch and rolling^ which are dependent on wing plan form 
and to varying degrees on complete aircraft configuration, have not been 
Included In the present analyses and will have to be taken Into account 
In applying results of these analyses to any particular wing. 

Restilts of the analyses are summarized In a table and are as follows; 
For longitudinal controls, maximum ratios of lift to hinge moment L/H 
are obtained with vintapered cohtrols of maximum aspect ratio. In prac- 
tice It Is, In many cases, not possible to obtain sufficient lift with 
high -aspect-ratio controls; when moderate and low -aspect -ratio controls 
must be used, controls with trleingular plan forms and highly swept hinge 
lines have higher val\ies of l/H than untapered controls. The plan forms 
of triangular controls having maxlmm values of l/H are Inversely 
tapered for wings with sweptfoiward trailing edges and are normally 
tapered for wings with sweptback trailing edges . On wings with unswept 
trailing edges, direction of hinge -line sweep Is of little Inrpprtance . 

For control plan forms having maximum values of L/H, control location 
Is of little lii5)ortance . 

Maxlm^Jm ratios of lift to deflection work are shown for vuatapered 
controls of high aspect ratio. In contrast with the res^llts regarding 
hinge moment, untapered controls req.\ilre less deflection work than 
tapered controls when the lift requirements are such that controls of 
moderate, and In some cases low, aspect ratio must be ^lsed. 

For any given control shape, the analyses for lateral controls Illus- 
trate the Importance of using small controls with high deflections for 
obtaining maximum ratios of rolling moment to hinge moment L'/H. Control 
plan form, although secondary to control size, Is also shown to be very 
important. For wlngs having sweptforward or unswept trailing edges, 
Inversely tapered controls having triangular plan forms and highly swept- 
forward hinge lines are shown to have maximum values of L'/H. For wings 
having sweptback trailing edges, control plan forms for maximum values of 
L'/h are dependent on the particular requirements and cannot be generally 
specified. Resiilts indicate, however, that, for such wings, little can be 
gained in practice by tapering the control. The spans of untapered con- 
trols having maximum values of L' /E are shown in most cases to be of 
the order of two-thirds the wing semispan. 
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When the rolling requirements are low enough to permit the use of 
very small controls, msiximum ratios of rolling moment to deflection 
work L'/W^ are in all cases indicated for untapered controls of high 
aspect ratio. When more conventional control sizes are necessary, maxi- 
mum values of L'/w on wings with sweptforw^d trailing edges are shown 
for inversely tapered controls with triangular plan forms. On wings 
with unswept and swepthack trailing edges, effects of hinge -line sweep 
are not of especial importance; when the more practical configijrations 
are considered, untapered controls with spans of about two -thirds the 
wing semispan are Indicated to have near maximum valiaes of L'/w. Effects 
of control size on values of L'/W for these untapered controls are shown 
to he negligible. For the inversely tapered controls on wings with swept - 
forward trailing edges, however, values of L’/W are shown to increase 
appreciably with control size. Since hinge moments due to rolling 
increase with control size, it would thus appear that large controls would 
in most cases reqvilre less deflection work than smaller controls . 


Langley Aeronautical Laboratory, 

National Advisory Comnlttee for Aeronautics, 
Langley Field, Va., Nov. I 9 , 1952. 
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TA&LE I.- PLAN TOMB OF COKTROIS CEDKRALLy ^HOWIJ TO HAVE FJIirajH RATIOS <)F I IPT AMD WLLINB HOilEHT TO HDBE KQHSMT 
nui TO DBPIECIIOH AMD KAXIMW RATIOS OF LIFT AMD RC'IL1)A3 TO VDEK REOUIHED TO OVERCOMI THE HINOF 

KmENrS DUS TO DEFLSCTIOK. (FOR MORE COdPLETI IKSCRlPnoHS SEE SUKHARI OF RESULTS.) 


Wing tr»lllng-odge 
I aweep condition 


Plan forma for 
maxlnum L/K 


Plan formo for 
maxlnnin I./E 


Plan forms for 
maximum L'/H 


Plan forma for 
maximum L’/W 


Small oontrol laurge control Small control Large control Small oontrol I Large control Small control I Large control 


Sweptformard 


a D D 

(note P) 


0 , 13 h 

(note 5) 


'[I' ‘U‘ 'U^'a' 


Swaptback 
(note 1) 


a <1 

(note 5! 


(note It) 


e 

(note Ij) 


(note 6) 


a. High-aapeot-ratlo untapored oontrol plan forma. 

b, InvoraelF tapered triangular control plan form , hl^ly eweptforward hinge line. 
a, Konoally tapered trianguler oontrol plan form , hl^ly awoptbaok hinge line. 

d. Mormally tapered oontrol nlan form. 

0 . Mlgh-eopaot-ratlo untapered control plan form, m 

H 5 

Hate; 1, Tip controls ahoen In aome oaaea have leaa rolling affectlveneaa than almllar controls located further Inboard. 

2. L/9 maximum for plan form b ebon wing trailing odga la highly ewentforward and low-aapoot-ratla control la required. 

}. L/H maximum for plan form d when wing trailing edge la hl^ly awopthaok and moderate or low-aapoct-ratlo oontrol le requlrod, 
il . Plan form d will for aome oondltlone of gaoh number and tralling-edge aweep have higher yeluea of L'/H. 

5* L/H naxliBim for plan fona b whan wing trailing edge le highly eweptforward.' 

6. Plan form d will for aome conditlono of Mach number end traillng-odgo aweep have higher valuoe of L'/H. 





Mach Unas 


Surfacs ojT control 



Induosd by control deflection- 



Figure 1.- Illustration of regions' in ^diich loadiag is Influenced ty the 
deflection of tralling-edge controls at supersonic speeds. 
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Figure 2.- Ill-ustration of limiting Mach line locationa for various 
positions of longitudinal control surfaces. 
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Inboard pofltloa. 


Mld-aptjn position. 


Tip position* 



Figure 3.- Variations with control plan form and location of the 


Cj 

parameter '“ben — S. = O.OOOl. 

<A. 


(^L = 


ph COB Ajl 


^1 Pb l\ 

57.3 2 wy 













Hinge azla 


Figure 4.- Eatlo of hinge momerLt due to steady rolllog to hinge moment 
due to deflection for tip controls of various sizes on a 60 ® delta 
wing (rolling moment produced by control assumed equal to wing 
damping moment) . 
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Figure 5»- Variations ■with, span'wlse location of the parameter Fj 
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■various control plan forms 
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Figure 5.- Continued. 
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Figure 6 
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LO L2 L4 1.6 L8 2.0 2.2 2.4 2.6 

M 

Flgxire 8.- W±Qg-tip helix angles corresponding to rolling rates of 

3 radians per second for wings having spans of 38 feet and operating 
at an altitude of 40,000 feet. 



.2 .4 .6 .8 t.O 2.0 3.0 4.0 5.0 6.0 CD 

cot Jl 


Figiire 9.- Theoretical damping -monent coefficients for a range of wing 

plan form and Mach nimiber. 
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Figure 10 .- Some illustrative variations of wing damping -moment 
coefficients with Mach number. 
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Figure 11.- Eolllng-moment coefficients required to produce rolling rates 
of 3 radians per second for wings Iiaving spans of 38 feet and operating 
at an altitude of 40,000 feet. 



Figure 12.- Estimated theoretical rolling -moment-coefficient slopes 

corresponding to rolling -moment coefficients presented in figure 11, 

practical effectiveness of control — ^ "being considered as 3^ per- 

A 

cent of theoretical effectiveness.' 






Figure 13.- Rolling-moment ajid hinge-moment parameters of various control 
plan forms on example wings having sweptforward, unswept, and swepthack 

Cl 

trailing edges and having damping coefficients of R- = O.O8. 
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Figure 15 .- Required rolling momenta and ratios of rolling moment to 
deflection work for various control plan forms bn an example wing 


having an unswept trailing edge and a damping coefficient 



of 0.03. 
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